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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device with which the insulated gate field effect transistor was formed in the principal plane of the 
semi-conductor substrate of the 1st conductivity type. Said insulated gate field effect transistor The gate electrode which consists of 
the 1st electric conduction film formed in the upper part of gate dielectric film, The source which consists of a semiconductor region of 
the 2nd conductivity type formed in said semi-conductor substrate, The drain which consists of a semiconductor region of the 2nd 
conductivity type which was formed in said semi-conductor substrate, estranged with said gate electrode, and has been arranged, The 
drain offset layer which consists of a semiconductor region of the 2nd conductivity type formed in said semi-conductor substrate of the 
field between said gate electrodes and said drains, It is formed in the upper part of said drain offset layer, and consists of shielding 
electric conduction film which consists of the 2nd electric conduction film electrically connected with said source. The thickness of said 
2nd electric conduction film which constitutes said shielding electric conduction film is a semiconductor device characterized by being 
thinner than the thickness of said 1st electric conduction film which constitutes said gate electrode. 

[Claim 2] The semiconductor device characterized by said gate dielectric film and the 1st insulator layer formed in the upper part 
intervening in a semiconductor device according to claim 1 between said drain offset layer and said shielding electric conduction film 
formed in the upper part. 

[Claim 3] It is the semiconductor device characterized by consisting of a silicon epitaxial layer of the support substrate with which said 
semi-conductor substrate consists of single crystal silicon of the 1st conductivity type in a semiconductor device according to claim 1 , 
and the 1st conductivity type formed in the upper part. 

[Claim 4] The semiconductor device characterized by having further the source electrode which was formed in said silicon epitaxial 
layer and formed in the source punching layer which consists of a semiconductor region of the 1st conductivity type electrically 
connected with said source and said support substrate, and the rear face of said support substrate in the semiconductor device 
according to claim 3. 

[Claim 5] It is the semiconductor device which the source electrode and drain electrode which consist of the 1st metal membrane 
formed on the 2nd insulator layer of a wrap in said shielding electric conduction film in the semiconductor device according to claim 2 
at said source and said drain are connected electrically, respectively, and is characterized by connecting electrically said source 
electrode and said shielding electric conduction film of each other through the 1st connection hole formed in said 2nd insulator layer. 
[Claim 6] The thickness of said 2nd electric conduction film which constitutes said shielding electric conduction film in a semiconductor 
device according to claim 5 is a semiconductor device characterized by being thinner than the thickness of said 1st metal membrane 
which constitutes said drain electrode. 

[Claim 7] It is the semiconductor device which wiring for a gate short circuit which consists of said 1st metal membrane is formed on 
said 2nd insulator layer in a semiconductor device according to claim 5, and is characterized by connecting electrically said wiring for 
a gate short circuit and said gate electrode of each other through the 2nd connection hole formed in said 2nd insulator layer and said 
1st insulator layer. 

[Claim 8] It is the semiconductor device with which the insulated gate field effect transistor was formed in the principal plane of the 
semi-conductor substrate of the 1st conductivity type. Said insulated gate field effect transistor The gate electrode which consists of 
the 1 st electric conduction film formed in the upper part of gate dielectric film, The source which consists of a semiconductor region of 
the 2nd conductivity type formed in said semi-conductor substrate, The drain which consists of a semiconductor region of the 2nd 
conductivity type which was formed in said semi-conductor substrate, estranged with said gate electrode, and has been arranged, The 
drain offset layer which consists of a semiconductor region of the 2nd conductivity type formed in said semi-conductor substrate of the 
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field between said gate electrodes and said drains, The shielding electric conduction film which consists of the 2nd electric conduction 
film which was formed in the upper part of said drain offset layer, and was electrically connected with said source, Wiring for a gate 
short circuit which consists of the 1st metal membrane electrically connected with said gate electrode, The source electrode which 
consists of the 1st metal membrane electrically connected with said source, Consist of a drain electrode which consists of the 1st 
metal membrane electrically connected with said drain, and it sets with a part of flat-surface layout [ at least ] of said insulated gate 
field effect transistor. The semiconductor device characterized by arranging said drain electrode, said shielding electric conduction film, 
said gate electrode, said source electrode, and said gate short circuit wiring in this sequence. 

[Claim 9] The thickness of said 2nd electric conduction film which constitutes said shielding electric conduction film in a semiconductor 
device according to claim 8 is a semiconductor device characterized by being thinner than the thickness of said 1st electric conduction 
film which constitutes said gate electrode. 

[Claim 10) The semiconductor device characterized by said gate dielectric film and the 1st insulator layer formed in the upper part 
intervening in a semiconductor device according to claim 8 between said drain offset layer and said shielding electric conduction film 
formed in the upper part. 

[Claim 1 1] It is the semiconductor device characterized by said insulated gate field effect transistor constituting the amplifier of the RF 
power amplifier whose clock frequency is 800MHz - 2.5GHz in a semiconductor device according to claim 1 . 
[Claim 12] The gate electrode which consists of the 1st electric conduction film formed on the principal plane of a semi-conductor 
substrate through gate dielectric film, The source which consists of a semiconductor region of the 2nd conductivity type formed in said 
semi-conductor substrate, The drain which consists of a semiconductor region of the 2nd conductivity type which was formed in said 
semi-conductor substrate, estranged with said gate electrode, and has been arranged, The drain offset layer which consists of a 
semiconductor region of the 2nd conductivity type formed in said semi-conductor substrate of the field between said gate electrodes 
and said drains, It is the manufacture approach of a semiconductor device of having the insulated gate field effect transistor which 
consists of shielding electric conduction film which consists of the 2nd electric conduction film which was formed in the upper part of 
said drain offset layer, and was electrically connected with said source, (a) after forming gate dielectric film on the principal plane of a 
semi-conductor substrate and forming the 1st electric conduction film on said gate dielectric film, by carrying out patterning of said 1st 
electric conduction film By carrying out ion implantation of the impurity of the 2nd conductivity type to the process and the (b) 
aforementioned semi-conductor substrate which form a gate electrode The process which forms the drain offset layer arranged to the 
field between the source, the drain which estranged with said gate electrode and has been arranged, and said gate electrode and said 
drain, (c) after it forms the 1st insulator layer in the upper part of said gate electrode and thickness forms the thin 2nd electric 
conduction film in the upper part of said 1st insulator layer rather than said 1st electric conduction film, by carrying out patterning of 
said 2nd electric conduction film The manufacture approach of the semiconductor device characterized by having the process which 
forms the shielding electric conduction film in the upper part of said drain offset layer. 

[Claim 13] In the manufacture approach of a semiconductor device according to claim 12, after forming the 2nd insulator layer in the 
upper part of the (d) aforementioned shielding electric conduction film, by puncturing said 2nd insulator layer and said 1st insulator 
layer The process which forms a connection hole in each upper part of said source, said drain, and said shielding electric conduction 
film, (e) after forming the 1st metal membrane with thickness thicker than said 1st electric conduction film in the upper part of said 2nd 
insulator layer, by carrying out patterning of said 1st metal membrane The manufacture approach of the semiconductor device 
characterized by having further the process which forms the source electrode electrically connected to said source and said shielding 
electric conduction film, and the drain electrode connected to said drain. 

[Claim 14] The manufacture approach of the semiconductor device characterized by forming wiring for a gate short circuit electrically 
connected to said gate electrode in the manufacture approach of a semiconductor device according to claim 13 by carrying out 
patterning of said 1st metal membrane at the aforementioned (e) process. 
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[Claim 15] The semiconductor device equipped with the RF amplifying circuit which has the interior matching circuit of an input and 
output matching circuit which consist of an insulated gate field effect transistor according to claim 1 t capacity, and an inductance. 
[Claim 16] The semiconductor device equipped with the RF amplifying circuit which has the interior matching circuit of an input and 
output matching circuit which consist of an insulated gate field effect transistor according to claim 8, capacity, and an inductance. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the amplifier of the RF power amplifier which carries out power amplification of the 
RF signal, and outputs it especially with respect to the semiconductor device used for the mobile communication device which uses a 
microwave band (800MHz or more, such as cellular one, and 2.5GHz or less), and relates to an effective technique. 
[0002] 

[Description of the Prior Art] Since the mobile communication device represented by communication modes, such as a GSM (Global 
System for Mobile Communications) method, a PCS (Personal Communication Systems) method, a PDC (Personal Digital Cellular) 
method, and a W-CDMA (Code Division Multiple Access) method, and the so-called cellular phone have spread globally quickly in 
recent years, high-performance-izing of the base station system, a miniaturization, and high reliance-ization have been an important 
technical problem. About the configuration of the base station system for these mobile communications, it is indicated by "NEC 
technical report" vol.51 , No.7 (1998), and pp.9-15, for example. 

[0003] The RF power amplifier for transmission which supplies a RF signal to an antenna is in one of the main configuration sections 
of the above-mentioned base station system. There are a bipolar transistor using a silicon (Si) substrate and an insulated gate field 
effect transistor (henceforth MOSFET), and a transistor using the compound semiconductor substrate represented by GaAs in the 
amplifier used for this amplifier. Since especially MOSFET using a silicon substrate is advantageous to a high increase in power since 
a raise in pressure-proofing is easy, and thermally stable and it is a reliable electrical-potential-difference drive, it has the advantage 
that circuitry is easy, and its above-mentioned amplifier is in use. 

[0004] About the above-mentioned MOSFET for amplifiers, there is the 1st conventional technique stated, for example to I EDM 
Technical Digest, 1996, pp.87-90 and Microwave Workshop and Exhibition (MWE) Digest, 1999, and pp.289-294. MOSFET indicated 
by these reference has the LDMOS (Lateral Diffusion MOS) structure where p layers were diffused from the source side of a gate 
electrode for the purpose of punch-through prevention and threshold armature-voltage control, and the offset structure for a raise in 
pressure-proofing is prepared in gate electrode-drain inter-electrode. Moreover, reduction of the capacity between gate 
electrode-drains (Cgd; feedback capacity) is aimed at by forming a source electrode so that a gate electrode may be covered (the 
Faraday shield is called). 

[0005] With the above-mentioned conventional technique, in order to obtain the high power power beyond 100W, it may be gate 
length =0.6micrometer of MOSFET, gate oxidation thickness =40nm, and about gate width =100-400mm. In MOSFET of this size, 
since I/O capacity serves as dozens - 100pF of numbers, clock frequency becomes [ the I/O impedance in 2GHz ] as small as about 
1ohm. If it includes in a package in this condition and 50-ohm impedance conversion is tried in an externa! matching circuit, since the 
conversion ratio is large, it will lead to loss in the transmission line, or a band fall. Therefore, improvement in an impedance is aimed at 
with constituting the matching circuit which consists of an MOS capacity chip and an inductance with a wire in the package near FET 
as much as possible (the latter is among said reference and the former is [ input adjustment ] I/O adjustment). 
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[0006] About the further improvement in the engine performance of the above-mentioned MOSFET for amplifiers, there is the 2nd 
conventional technique stated to the United States patent (Ng etal., United States Patent, No.5,918,137). In order that this 
conventional technique may raise the RF engine performance and dependability of MOSFET, the shielding electric conduction film of 
the same ingredient as a gate electrode is prepared on the insulator layer between a gate electrode and a drain electrode. 
[0007] Since the above-mentioned insulator layer reaches in part at least and the shielding electric conduction film is made from the 
same process as the gate dielectric film of MOSFET, and a gate electrode, respectively, a process does not become complicated. 
Moreover, since arrangement with a gate electrode and the shielding electric conduction film serves as self align, dispersion in 
electrical characteristics is also suppressed. Since this MOSFET structure can reduce the capacity (Cgd) between gate 
electrode-drains by making the shielding electric conduction film into the source and same electric potential, improvement in the power 
gain in high frequency operation of it is attained. Moreover, electric-field relaxation on the front face of a substrate in a gate electrode 
edge is achieved, and improvement in drain pressure-proofing and control of property degradation by hot electron impregnation are 
attained. 
[0008] 

[Problem(s) to be Solved by the Invention] According to the place which this invention person examined, there are the respectively 
following problems in the above-mentioned 1st and 2nd conventional technique. 

[0009] Since the MOSFET structure of the above-mentioned 1st conventional technique has prepared the wrap source electrode for 
the gate electrode on the thick interlayer insulation film, it cannot shield between the side attachment wall of a gate electrode, and 
drain electrodes, and is small. [ of the effectiveness of electric-field relaxation over a substrate ] Therefore, neither of the effectiveness, 
reduction of the capacity (Cgd) between gate electrode-drains nor improvement in drain pressure-proofing, of control of degradation 
by the hot electron is fully acquired. 

[0010] Moreover, the MOSFET structure of the above-mentioned 2nd conventional technique is not taken into consideration about the 
other capacity between wiring, although taken into consideration about reduction of the electrostatic capacity (Cgd) of a gate electrode 
and the drain [ directly under ] (or drain electrode) of it. Since the shielding electric conduction film and a gate electrode are made from 
the same process, the thickness of the shielding electric conduction film cannot be decided from the demand of a gate electrode, and, 
specifically, cannot make small freely capacity (Cgs) between the shielding electric conduction film and the side attachment wall of a 
gate electrode. 

[001 1] It cannot be said that similarly it makes the shielding electric conduction film thin freely, and makes capacity small also with the 
capacity (Cds) between drain electrode-shielding electric conduction film decided by thickness of the shielding electric conduction film 
since the drain electrode is thicker than the need for current capacity to the shielding electric conduction film. Moreover, like [ the 
thickness of the insulator layer under the shielding electric conduction film ] gate dielectric film, since it is thin, the electrostatic 
capacity of the shielding electric conduction film and the offset layer of a drain will look large, and the capacity between the 
drain-sources will increase. Furthermore, since there is electrostatic capacity between the shielding electric conduction film and gate 
short circuit wiring when the structure of preparing wiring for a gate short circuit on a gate electrode for the purpose of reducing gate 
resistance is used, the capacity between the gate electrode-sources will increase compared with the case where there is no shielding 
electric conduction film, 

[0012] All the capacity described above is added to the I/O capacity (Cgs, Cds) of MOSFET. Even if these prepare a matching circuit 
in a package in order to reduce the I/O impedance of MOSFET in high frequency actuation, the loss in a matching circuit becomes 
remarkable and they have the problem of reducing output power and effectiveness. Moreover, since the conversion ratio of an 
impedance also becomes large, it is disadvantageous also on design margins, such as a frequency band and a component-side 
product. Furthermore, the increment in an input capacitance (Cgs) has the problem of reducing the cut-off frequency of an MOS 
transistor and reducing RF power gain. 
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[0013] When a gate electrode is made into the dual structure (polycide structure) of polycrystalline silicon and tungsten silicide, 
'resistance is reduced on the other hand and wiring for a gate short circuit is omitted Although the parasitic capacitance between the 
above-mentioned shielding electric conduction film can be reduced, since resistance of a gate electrode is not sufficiently small, a limit 
arises to the width of face (finger width of face) of a gate electrode, the degree of freedom of the layout of MOSFET is lost, and there 
is a problem that parasitism resistance and capacity will increase on the contrary. 

[0014] The purpose of this invention is to offer the semiconductor device which enables drain pressure-proofing by reduction of the 
feedback capacity by the shielding electric conduction film, and electric-field relaxation and improvement in current capacity, and 
control of hot electron degradation, without making increase of the I/O capacity of MOSFET into min, and increasing loss in an 
impedance matching circuit. 

[0015] Other purposes of this invention fully reduce resistance of the gate electrode of MOSFET, and pull out the effectiveness of the 
shielding electric conduction film, and are to offer a RF, the output power in large power actuation, and the semiconductor device with 
which improvement in effectiveness and reservation of dependability were compatible. 

[0016] The other purposes and the new description will become clear from description and the accompanying drawing of this 

specification along [ said ] this invention. 

[0017] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained among invention indicated in this 
application. 

[0018] The gate electrode with which MOSFET of this invention was formed in the upper part of gate dielectric film, The drain offset 
layer formed between the source, the drain which estranged with said gate electrode and has been arranged, and said gate electrode 
and said drain, It is formed in the upper part of said drain offset layer, and consists of shielding electric conduction film electrically 
connected with said source, and thickness of said shielding electric conduction film is made thinner than the thickness of said gate 
electrode. 

[0019] Moreover, gate dielectric film and the 1st insulator layer intervene between said shielding electric conduction film with which 
MOSFET of this invention was formed in said drain offset layer and its upper part. 

[0020] Moreover, MOSFET of this invention arranges said drain electrode, said shielding electric conduction film, said gate electrode, 
said source electrode, and said gate short circuit wiring in this sequence in a part of that flat-surface layout [ at least J. 
[0021] Preparing the shielding electric conduction film between the gate electrode of MOSFET and a drain electrode works so that the 
capacity between gate electrode-drain offset layers may be reduced, and it works so that the electric field of the drain in a gate 
electrode edge may be eased. 

[0022] Moreover, arranging so that the shielding electric conduction film may not lap with a gate electrode by the flat-surface pattern, 
and making thickness of the shielding electric conduction film thinner than the thickness of a gate electrode works so that increase of 
the interelectrode capacity produced by arranging the shielding electric conduction film may be suppressed to the minimum. 
[0023] Moreover, making thickness of the insulator layer under the shielding electric conduction film thicker than the thickness of gate 
dielectric film works so that the capacity between shielding electric conduction film-drain offset layers may be stopped to the minimum. 
[0024] Moreover, short-circuiting a gate electrode with wiring (gate short circuit wiring) works so that gate resistance may be reduced 
and the fall of the power gain in a RF may be suppressed. 
[0025] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail based on a drawing. In 
addition, in the complete diagram for explaining the gestalt of operation, the same sign is given to the member which has the same 
function, and explanation of the repeat is omitted. 

[0026] The sectional view of the field for one MOSFET where the top view showing a part of eel section (field for four MOSFETs) in 
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which the power metal-oxide semiconductor field effect transistor for RFs of this operation gestalt was formed, as for drawing 1 , and 
drawing 2 met the ll-ll line of drawing 1 , and drawing 3 are the whole chip layout patterns. 

(0027] MOSFET of this operation gestalt is formed in the principal plane of the silicon substrate 1 which consists of support substrate 
1A which consists of low resistance p mold single crystal silicon of 10 or less momegacm of specific resistance, and 30ohm [ of 
specific resistance cm formed in the upper part ], and high with a thickness of 10 micrometers resistance p mold epitaxial layer 1B. 
This MOSFET The gate oxide 4 formed in the front face of epitaxial layer 1B, the gate electrode 3 which consists of a cascade screen 
(polycide film) of n mold polycrystal silicone film and W silicide (WSi2) film which were formed in the upper part of gate oxide 4, the 
n-type-semiconductor field formed in the epitaxial layer 2 5, p+ mold semiconductor region (Source) The shielding electric conduction 
film 10 formed in the upper part of 6, the p type semiconductor field (punch-through stopper layer) 7, the n-type-semiconductor field 
(drain offset layer) 8, the n-type-semiconductor field (drain) 9, and the n-type-semiconductor field (drain offset layer) 8 (Source 
blanking layer) And it has the oxidation silicone film 1 1 of the lower part. 

[0028] Although especially limitation is not carried out, for the die length (gate length) of the gate electrode 3 of Above MOSFET, the 
die length (drain offset length) of 0.5 micrometers and the n-type-semiconductor field (drain offset layer) 8 is [ spacing of 1.0 
micrometers, the gate electrode 3, and the shielding electric conduction film 10 of the die length of 3.0 micrometers and the shielding 
electric conduction film 10 ] 0.5 micrometers. Moreover, for the thickness of the gate electrode 3, the thickness of 270nm and the 
shielding electric conduction film 10 is [ the thickness of 50nm and the oxidation silicone film 11 of the thickness of 200nm and gate 
oxide 4 ] 300nm. 

[0029] The Ist-layer wiring 13-16 is formed in the upper part of Above MOSFET through the oxidation silicone film 12. Wiring 13 
constitutes a source electrode and is electrically connected with the n-type-semiconductor field (source) 5 and p+ mold semiconductor 
region (source blanking layer) 6 through the contact hole 17 punctured by the oxidation silicone film 12. This wiring 13 is electrically 
connected with the shielding electric conduction film 10 through the contact hole 18 punctured by the oxidation silicone film 12 of the 
upper part of the field oxide 2 surrounding the active field L. 

[0030] Wiring 14 constitutes wiring for a gate short circuit, and is electrically connected with the gate electrode 3 through the contact 
hole 19 punctured by the oxidation silicone film 12 of the upper part of field oxide 2. Wiring 15 constitutes a drain electrode and is 
electrically connected with the n-type-semiconductor field (drain) 9 through the contact hole 20 punctured by the oxidation silicone film 
12. 

[0031] The 2nd-layer wiring 23-25 is formed in the upper part of the above-mentioned wiring 13-16 through the interlayer insulation 
film 22 which consists of an oxidation silicone film. In addition, in drawing 1 and drawing 3 , the half-tone-dot-meshing pattern shows 
these wiring 23-25. Wiring 23 constitutes wiring for drain ejection, and is electrically connected with the Ist-layer wiring (drain 
electrode) 15 through the through hole 26 punctured by the interlayer insulation film 22. This wiring 23 is constituted by the bonding 
pad BPd for drains and one which constitute an external connection terminal. 

[0032] Wiring 24 constitutes wiring for gate ejection, and is electrically connected with the 1st-layer wiring (wiring for a gate short 
circuit) 14 through the through hole 27 punctured by the interlayer insulation film 22 of the upper part of field oxide 2. This wiring 24 is 
constituted by the bonding pad BPg for the gates and one which constitute an external connection terminal. 
[0033] Wiring 25 constitutes wiring for source ejection, and the part is electrically connected with the 1st-layer wiring (source 
electrode) 13 through the through hole 28 punctured by the interlayer insulation film 22. Some other wiring 25 is electrically connected 
with the Ist-layer wiring 16 through the through hole 29 punctured by the interlayer insulation film 22. Moreover, it connects with a 
silicon substrate 1 electrically through a contact hole 21 and p+ mold semiconductor region (source blanking layer) 6, and wiring 16 is 
further connected with the source electrode 30 of the rear face of a silicon substrate 1 electrically. 

[0034] In addition, although the number of the gate electrodes 3 is made into four in drawing 3 for simplification, dozens of gate 
electrodes 3 are connected to one bonding pad BPg in fact, 1 block is constituted, it connects with juxtaposition and several blocks 
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output large power. 

*[0035] Thus, the power metal-oxide semiconductor field effect transistor for RFs of this operation gestalt formed the source and the 
shielding electric conduction film 10 of same electric potential in the upper part of the n-type-semiconductor field (drain offset layer) 8, 
and arranges this shielding electric conduction film 10 and other electrode wiring in order of the drain electrode 15, the shielding 
electric conduction film 10, the gate electrode 3, the source electrode 13, and the wiring 14 for a gate short circuit. 
[0036] Next, the effectiveness in which the shielding electric conduction film 10 was formed near the gate electrode 3 is explained 
using drawing 4 - drawing 6 . 

[0037] Drawing 4 is a graph which shows the field strength distribution of 60 silicon-substrate (1) front face at the time of impressing 
the electrical potential difference of V and considering a gate electrode (3), the shielding electric conduction film (10), and a source 
electrode (13) as touch-down to the drain electrode (15) of MOSFET of this operation gestalt. The longitudinal direction location of an 
axis of abscissa supports the sectional view of the upper part of a graph. Moreover, as an example of a comparison, there is no 
shielding electric conduction film and field strength distribution of the MOSFET structure (said 1st conventional technique) which 
formed the source electrode so that a gate electrode might be covered was shown. 

[0038] Although electric field concentrate on the edge of a gate electrode and field strength serves as max like illustration there when 
there is no shielding electric conduction film, by preparing the shielding electric conduction film shows that the peak of field strength 
appears also in the drain side edge section, and strong maximum is low compared with the case where there is no shielding electric 
conduction film. From this, it is thought that MOSFET of this operation gestalt is effective in raising drain pressure-proofing and a drain 
current, and effective also as a cure which controls property degradation by the hot carrier. 

[0039] Drawing 5 is a graph which shows the relation between the amount of ion implantation of a drain offset layer (8), and drain 
pressure-proofing. 

[0040] In order to high-performance-ize MOSFET, even if it makes [ many ] the amount of ion implantation of a drain offset layer, it is 
that drain pressure-proofing is secured. That is, it is enabling reduction of the on resistance (Ron) of MOSFET, and improvement in 
drain current capacity, securing high drain pressure-proofing. 

[0041] Like illustration, when the shielding electric conduction film was prepared, even if it made [ many ] the amount of ion 
implantation of a drain offset layer about 2 times, drain pressure-proofing equivalent to the case where there is no shielding electric 
conduction film was obtained, the case where resistance (Roffset) of the drain offset layer which is a part of on resistance (Ron) 
component is halved by this, and there is no shielding electric conduction film - 26ohmmm - the on resistance (Ron) of MOSFET 
which existed became small about 40 percent to 16-ohmmm. 

[0042] Drawing 6 is the graph which showed the relation between the amount of fluctuation of the gate voltage for acquiring a fixed 
drain current, and electrical-potential-difference impression time amount, when several V gate voltage is impressed between the 
electrical potential difference of 28V, and the gate-source between the drain-sources, respectively and a drain current is left a sink and 
for a long time. This gate change of potential happens in order to pour into a gate electrode and the oxide film near the drain offset 
layer the hot electron generated when a drain current flows and to generate fixed potential. In order to control impregnation of this hot 
electron, it is necessary to ease the electric field of the impregnation section. 

[0043] Like illustration, although the amount of gate voltage variation after 1-hour neglect was about 0.1V when there was no shielding 
electric conduction film, the amount of fluctuation of the same time amount was able to be reduced to 1/10 or less by preparing the 
shielding electric conduction film. This originates in the field strength of a gate electrode edge being eased by preparing the shielding 
electric conduction film, as the field strength distribution graph of said drawing 4 also showed. 
[0044] Next, the high frequency operation of MOSFET of this operation gestalt is explained using drawing 7 - drawing 9 . 
[0045] Drawing 7 is the representative circuit schematic in a package of the high-frequency power amplifier using MOSFET of this 
operation gestalt. This amplifier connects the interior matching circuit of an input and output matching circuit which become I/O of FET 
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with a gate width of 150mm from MOS capacity and a bonding wire (inductance). Here, for the input capacitance (Cgs) of MOSFET, 
112pF and an output capacitance (Cds) are [ 1.6pF and the on resistance of 42pF and feedback capacity (Cgd) ] 0.13ohms. When 
clock frequency is 2.2GHz, an input is set to 0.71 ohms and, as for the I/O impedance of MOSFET obtained from WomegaC, an 
output is set to 1 .7 ohms. From this value, the impedance which changed the impedance by the matching circuit and was seen from 
the package terminal is enlarged, and it is included in an external mounting substrate. 

[0046] Drawing 8 is a RF in MOSFET used by drawing 7 , and a graph which shows the input-output behavioral characteristics of large 
power actuation. Here, the relation of the output power and drain effectiveness over the input power at the time of inputting a 2.2GHz 
sinusoidal signal into MOSFET in supply voltage 28V and bias current regularity on the assumption that the application to the amplifier 
for base stations of a W-CDMA method was shown. Two MOSFETs were used and output power has been obtained by push pull 
actuation. Moreover, the input-output behavioral characteristics of Structures A and B were conventionally shown as an example of a 
comparison. Here, although Structure A has the shielding electric conduction film conventionally, it is the MOSFET structure which 
formed the source electrode MOSFET structure and conventionally which omits consideration about the increment in I/O capacity, 
such as the thickness, and a location, a location of gate short circuit wiring, so that Structure B might not have the shielding electric 
conduction film and a gate electrode might be covered. 

[0047] As for MOSFET of this operation gestalt, as compared with Structures A and B, more than 10W and drain effectiveness of 
output power in input power 10W are improving 5% or more conventionally like illustration. Since I/O capacity becomes large about 
20% about Structure A compared with this operation gestalt conventionally, this reason is because that part impedance became small 
and the loss in the matching circuit in a package became remarkable. Moreover, since high impurity concentration of a drain offset 
layer cannot be made high from the need of easing electric field since the shielding electric conduction film is not used and 
improvement in on resistance and a drain current cannot be conventionally aimed at about Structure B, the engine performance has 
not improved. Moreover, conventionally, since Structure B cannot perform gate short circuit wiring, it shortens gate width (finger width 
of face) of one gate electrode so that gate resistance may not be worrisome. In this case, although gate resistance decreases, since 
the number of the finger as the whole chip increases, other parasitic capacitance increases and this also causes degradation. On the 
other hand, with the layout of this operation gestalt, since gate short circuit wiring can fully be separated from a drain, a source 
electrode, and the shielding electric conduction film, it becomes possible to stop parasitic capacitance and to reduce gate resistance, 
and the gain in a RF can fully be secured. 

[0048] In the large power performance test of drawing 8 , the result of having performed linear amplification characterization of 
MOSFET of this operation gestalt is explained using drawing 9 . 

[0049] It is required that the linearity of amplifier should be maintained at the base station application of a W-CDMA method by big 
output power. As a standard of the quality of this linear amplification property, two waves with narrow frequency spacing were inputted, 
and intermodulation distortion which is a parameter resulting from the breadth of the frequency spectrum of that output signal was 
evaluated. Here, the relation between the 3rd intermodulation distortion at the time of applying input power with a frequency [ of 
2.2GHz ] and a frequency of 2.201 GHz and output power was shown as an input of MOSFET. As a parameter, thickness of the 
insulator layer under the shielding electric conduction film was set to 500nm, 300nm, and 50nm. If target specification of 3rd 
intermodulation distortion is set to -30 or less dBcs, as for the maximum of output power which attains the condition, insulator layer 
thickness will fall to 45dBm (about 32 W) by 46dBm (about 40 W) and 50nm by 500nm and 300nm. Since it means that it looks greatly 
to writing thinly the thickness of the insulator layer under the shielding electric conduction film to 50nm equivalent to gate oxide rapidly 
when a drain electrical potential difference has the low electrostatic capacity between shielding electric conduction film-drain offset 
layers, and the output capacitance of parasitism was attached and matching with a matching circuit shifts greatly, this is because 
distortion also got worse. Moreover, by this thickness, the problem that are and the drain pressure-proofing obtained becomes low 
also has electric-field concentration in the shielding electric conduction membrane end section. On the other hand, by 300nm and 
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500nm, although there was no great difference, since the thickness of an insulator layer was too thick when referred to as 500nm, the 

description explained by drawing 4 - drawing 6 could not fully be pulled out, but it became the optimal near 300nm. 

[0050] Next, the manufacture approach of MOSFET of this operation gestalt is explained using drawing 10 - drawing 18 . 

[0051] First, as shown in drawing 10 , the pars basilaris ossis occipitalis forms p+ mold semiconductor region (source blanking layer) 6 

which reaches support substrate 1A by preparing the silicon substrate 1 into which p mold epitaxial layer 1B was grown up for the 

upper part of support substrate 1 A which consists of p mold single crystal silicon, using the photoresist film (not shown) as a mask, 

and carrying out ion implantation of the boron to a silicon substrate 1. 

[0052] next, it is shown in drawing 1 1 as - well-known LOCOS - after forming field oxide 2 in the component isolation region of a 
silicon substrate 1 using law, gate oxide 4 is formed in the front face of the silicon substrate 1 of the active field L which had the 
perimeter surrounded by this field oxide 2. 

[0053] Next, as shown in drawing 12 , the gate electrode 3 is formed in the upper part of gate oxide 4. In order to form the gate 
electrode 3, after depositing n mold polycrystal silicone film of 100nm of thickness and depositing W silicide film of 170nm of thickness 
on the upper part of this polycrystal silicone film by the sputtering method continuously a CVD method in the upper part of gate oxide 4, 
patterning of these film is carried out by the dry etching which used the photoresist film as the mask. 

[0054] Next, as shown in drawing 13 , the p type semiconductor field (punch-through stopper layer) 7, the n-type-semiconductor field 
(drain offset layer) 8, the n-type-semiconductor field (source) 5, and the n-type-semiconductor field (drain) 9 are formed by using the 
photoresist film as a mask and carrying out ion implantation of boron and Lynn to a silicon substrate 1. The p type semiconductor field 
(punch-through stopper layer) 7 may be formed in advance of the process which forms the gate electrode 3. 
[0055] Next, as shown in drawing 14 , after depositing the oxidation silicone film 1 1 of about 300nm of thickness with a CVD method 
on a silicon substrate 1 , the shielding electric conduction film 1 0 is formed in the upper part of the oxidation silicone film 1 1 . In order to 
form the shielding electric conduction film 10, after making n mold polycrystal silicone film of thickness (for example, about 200nm) 
thinner than the gate electrode 3 the upper part of the oxidation silicone film 1 1 with a CVD method, patterning of this polycrystal 
silicone film is carried out by the dry etching which used the photoresist film as the mask. 

[0056] Next, as shown in drawing 15 and drawing 16 , after depositing the silicon oxide film 12 of 300nm - about 500nm of thickness 
with a CVD method on a silicon substrate 1 , contact holes 17-20 are formed by using the photoresist film as a mask and carrying out 
dry etching of the silicon oxide film 1 2 and the silicon oxide film 1 1 . 

[0057] Next, as shown in drawing 17 and drawing 18 , after depositing aluminum (aluminum) alloy film of about 800nm of thickness on 
the upper part of the oxidation silicone film 12 by the sputtering method, wiring (source electrode) 13, wiring (wiring for a gate short 
circuit) 14, and wiring (drain electrode) 15 are formed by carrying out patterning of this aluminum alloy film by the dry etching which 
used the photoresist film as the mask. 

[0058] Then, after forming an interlayer insulation film 22 in the upper part of the oxidation silicone film 12, and forming a through hole 
(26-29) for an interlayer insulation film 22 by dry etching continuously, By carrying out patterning of the aluminum alloy film of about 
1200nm of thickness deposited on the upper part of an interlayer insulation film 22 by the sputtering method, forming the 2nd-layer 
wiring (23-25), and forming the source electrode 30 in the rear face of a silicon substrate 1 further The power metal-oxide 
semiconductor field effect transistor shown in said drawing 1 - drawing 3 is obtained. In addition, when you need the current capacity 
of wiring, and the degree of freedom of a layout, it can also make the number of wiring layers into three or more layers. 
[0059] Thus, the power metal-oxide semiconductor field effect transistor of this operation gestalt forms the shielding electric 
conduction film 10 of the upper part of the drain offset layer 8 by thickness thinner than the gate electrode 3. Thereby, as shown in 
drawing 19 , capacity (Cgs) between the side attachment wall of the shielding electric conduction film 10 and the side attachment wall 
of the gate electrode 3 and capacity (Cds) between the side attachment wall of the shielding electric conduction film 10 and the drain 
electrode 15 can be made small. 

10 



[0060] Moreover, since between the shielding electric conduction film 10 and the drain offset layers 8 is separated by the two-layer 
insulator layer (gate oxide 4 and oxidation silicone film 11), compared with the case where the shielding electric conduction film 10 is 
formed on gate oxide 4, the capacity between the drain-sources also becomes small. 

[0061] Thereby, since I/O capacity (Cgs, Cds) of MOSFET can be made small, high power power is possible and a RF property can 
realize good MOSFET. 

[0062] As mentioned above, although invention made by this invention person was concretely explained based on the gestalt of 
implementation of invention, it cannot be overemphasized that it can change variously in the range which this invention is not limited to 
the gestalt of said operation, and does not deviate from the summary. 
[0063] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among invention indicated in this 
application is explained briefly. 

[0064] It becomes possible to raise an output power property and a RF property, securing the dependability of MOSFET for power 
amplification used for wireless base station systems, such as GSM, PCS, PDC, and a W-CDMA method, according to this invention. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing a part of eel section in which the power metal-oxide semiconductor field effect transistor which is 

the gestalt of 1 operation of this invention was formed. 

[Drawing 2] It is the sectional view which met the ll-ll line of drawing 1 . 

[Drawing 3] It is the whole chip layout pattern in which the power metal-oxide semiconductor field effect transistor which is the gestalt 
of 1 operation of this invention was formed. 

[Drawing 4] It is the graph which shows field strength distribution of the power metal-oxide semiconductor field effect transistor which 
is the gestalt of 1 operation of this invention. 

[Drawing 5] It is the graph which shows the relation of the amount of ion implantation of a drain offset layer and drain 
pressure-proofing in the power metal-oxide semiconductor field effect transistor which is the gestalt of 1 operation of this invention. 
[Drawing 6] It is the graph which shows the relation of the amount of fluctuation of gate voltage and electrical-potential-difference 
impression time amount in the power metal-oxide semiconductor field effect transistor which is the gestalt of 1 operation of this 
invention. 

[Drawing 71 It is the representative circuit schematic in a package of the amplifier which used the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 81 They are a RF in the power metal-oxide semiconductor field effect transistor which is the gestalt of 1 operation of this 
invention, and the graph which shows the input-output behavioral characteristics of large power actuation. 

[Drawing 9] It is the graph which shows the relation of the 3rd intermodulation distortion and the output power in the power metal-oxide 
semiconductor field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 101 It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 11] It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 12] It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 
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[Drawing 131 It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
'field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawino 14) It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 151 It is the important section sectional view showing the manufacture approach of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 16) It is the important section top view showing the manufacture approach of the power metal-oxide semiconductor field 
effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 17) It is the important section sectional view showing the manufacture approach .of the power metal-oxide semiconductor 
field effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 18) It is the important section top view showing the manufacture approach of the power metal-oxide semiconductor field 
effect transistor which is the gestalt of 1 operation of this invention. 

[Drawing 191 It is the explanatory view of the shielding electric conduction film-gate interelectrode capacity in the power metal-oxide 
semiconductor field effect transistor which is the gestalt of 1 operation of this invention, and shielding electric conduction film-drain 
interelectrode capacity. 
[Description of Notations] 

1 Silicon Substrate 

1 A Support substrate 
1 B Epitaxial layer 

2 Field Oxide 

3 Gate Electrode 4 Gate Oxide 

5 N-type-Semiconductor Field (Source) 

6 P+ Mold Semiconductor Region (Source Blanking Layer) 

7 P Type Semiconductor Field (Punch-through Stopper Layer) 

8 N-type-Semiconductor Field (Drain Offset Layer) 

9 N-type-Semiconductor Field (Drain) 

10 Shielding Electric Conduction Film 

1 1 Oxidation Silicone Film 

12 Oxidation Silicone Film 

13 Wiring (Source Electrode) 

14 Wiring (Wiring for Gate Short Circuit) 

15 Wiring (Drain Electrode) 

16 Wiring 

17-21 Contact hole 

22 Interlayer Insulation Film 

23 Wiring (Wiring for Drain Ejection) 

24 Wiring (Wiring for Gate Ejection) 

25 Wiring (Wiring for Source Ejection) 
26-29 Through hole 

30 Source Electrode 

BPd Bonding pad for drains 

12 



BPg Bonding pad for the gates 
* \ Active field 
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ofcMOSFETlf»©IB«<DBrBH, 19 3 *v 

[0 0 2 7] **j56^fficOMO S F E T tt, itSJfx 1 0 
m Q c mtTFOffifiSi p ^iiMSelv' U 3 6 ft*3tf9 
Sfil At:^o±gpjc:flg«snftJtaSi3 0Q cm, JP 
2 1 0 /imO^fiJap^xlf £4^>-Wl//I 1 B kfrSft 
l)>"J nygfi i ^itcM^ntt^o COM OS 

-MMfc«4, y-h»ft«t40±»k:»J«Stlfcnffl 
^^■^yi^w^'J^F (ws i 2 ) Jgtk<D*» 

ejg okuim kmd ^e^^y-h^@3. xe^ 

» 9, n32¥VttfHtt (FW>'*7t7hl) 8 

[0 0 2 8] Wfc|85£««n«:^*\ JtfSM 0 S F E T 
^-htl3^S^ (Y-hg) 5/im, 

• bfi) £3. Ojim, ^l/Kiill 

0©S?ttl. 0 |im, y-hH@3 fc S/— ;l/ KS»«K 
lO^OHPBttO. 5 Jim-PS So £/c, y-h«S3 
<DJ?£U:2 7 0 nrru KSPHIK 1 0 <0»;S« 2 0 

Onrru Y-hmtm4(DB2l,Z5 0 n rru Kffc^'Jn 
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>M 1 1 £>JP£te 3 0 0 n m-Cfc^o 
[0 0 2 9] ±!2MO S F E TaXhfflHcfi, KffcS/U a 
>J8l 2*MTSlil<OE»l 3-1 6^JB«*n 

n^o esu 3ay-7ss*«/su mtisv^> 

m l 2 ftfc a h*-;l/ l 7*5ii:TnS! 

(V-X) 5fc«fctf p*S!¥«H*«« (V- 

xfrs^g) 6fc««wtett«*ftT^4 0 c<oe«u 

3&. T^-r-f 7fS«L«rHCy7>T"-yl/KK{t«2<0± 
[0 0 3 0] Etti 4tty-hJfflBfflE«*«|«L, 7 

nfc^^^ h^— ;i/ 1 9*5ii:Ty- h«S3 tn$L 
w*cS3K*nri^ 0 e«i 5 ttKu-r 

2 0*aCTnffl¥»f*W* (FU^» 9 kftSt&tyc 

[00 31] ±S2E<8 13-1 60±»«cttlMb^U ^ 
20 >I*>6S5iHI6««2 2«:^LT^2JiBa5E«2 

tt, cn6<OE»2 3 — 2 5*IH»»/^*->T*UT 
l^* 0 E»2 3ttKL/-OK!)tUbfflEia*«l«U S 
F^*e*i§i2 2tcBBTL«nfcx;l/— *-;l/2 6*»i;T* 

Ti^o ccoE«2 3tt, »»S«i8f*i«f5Kl/ 
[0 0 3 2] Ei24 htt 0 tti LfflEttftWA 

30 u 7«c -)\y vmitm 2 (o±»<omntbmm 2 2 term 

*titeX;l/-*-7l/2 7*aUTWi»BOE« 

hjei&fflES) 1 4 ^iMW(cg^nn^o coe 

^2 4 tt, nfftt«HI7««A-r«y- hflitfVfV > 

[0 0 3 3] ESS 2 5ttV-Xffi0tHLfflE»*«l« 

-;l/2 8«riBi:T^ lSBOEIS (V-XI1IB) 13k 
««»l£»«SnTV^o E*S2 5 0ffiO-gi5ti, ^r^ 
t6«tM2 2fcB87L*n/£:X;b— ;l/2 9*ili;T» l 
40 Ig^ffiil 6k«*Wfc»l»«nTl/^o Sfc, E^ 
1 6ti, ;I/2 1 $5<ttf p*ffl*SW*«« 

(V-Xflffi^Jl) 6*31UTS/U3>a«l 

3 o tmfcLmc&mztiT^Zo 

[0 0 3 4] ?5:fe, H3T*«ffiBSffcO/2:«>Jcy-hflffi 

50 [0035] c^atc, ^mmmm(Dmm&m^ x 7- 
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MOSFETte, nfi*i*SI«(KU^y-*7t7 
fcgtt, C05/-;l/K»lil Oi:ftt<D««e«fc*\ 
3, y-Xiil 3. y-h5S»fflSB«l 4CDJH#T*gB 
[0 0 3 6] y-h»B3 0ifi«f»C->-ybF*« 

[00 3 7] 04«, #ft56JBiB<DMOS F ETOKU 

-fVBffi (1 5) fC6 o vo«jE*9«inu y-F«a 

(3) , is-frmnm o o> . v-x«« a 3) 

tWftfcbfcW&OS/yn^lMR (l) *S*D^W3fiS 

^-Jl/FWWBtfft<. y-h««*«5«k'5*cv-x 
t«*««lftMO S F E Tfiiig OffilES 1 OflHSft 

[0 0 3 8] H^O±5»c, v'-^KIii^^l/^ 

tfg* tftot^S^ F»W»*ia £ c fc tc 

ffiOMOSFETtt, FW>BEM3J:tf FU>T>«ffi 

[0 0 3 9] 05^ F W> • *7-fe-y FJ1 (8) <D 

[0 0 4 0] MO S F E T*JBtt*|ftr*fc»k:tt, F 
W V • *:7iry FJBO>f *>*T5&3«*£< LTt, 
K W >BE^«RS tiS «k 5 lc t S C t T*65o "fft 
*>«W^FU^:/BflE*W«La#&, MOSFETO 
^^Sta (Ron) O«^FWyia§i0fS]±^^ 

[0 0 4 1] 0^<D<fc-5fc:. ^-Jl/F»fIJgt*I8ttfcif 
KWyiff#»6ftft. Cti*c«kt). *>Jg$x (Ro 

(Roffset) #¥»u Fmmmtf*^m&ic& 

2 6 Qmm^fcMO S F E T<D*>m,tfi (Ron) # 1 
6Qmm^t 4SJgJfi/h£< fcofco 
[0 0 4 2] H6tt, KWV-V-XH(l2 8VO« 

*DLTFU>f>«aE*i«U fiWIBttBLfcH*fc, — s 
F W V^g?t£:f#£ fc*b<DY- h MEEvmmm t mjE 
MD^fl i: Oli^^ L /c ^ 7 7 tfe § o C(Df- bM 
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s.(omm, Fu-r^asKft^nscfcjcfcoT^-r 

•fe*y F«ifi«OKfklMt»caA«nTB^«fl[«:a^S 

[0043] m^co&oic, is-juFmmmtfi&^m^ 

ofctf, S/-;UF#W*Ktt*cfcfccfc!>, WUBSIB 

CM, ME0 4 7 1^*1/-: ck 5 

^-;l/FWWM*R*t*ctk:ckoT, y-hmffi 

[0 0 4 4] ^tc. *SIBfi)g8S<OMO S F E TOiSfflifi 

wmcoi/>T> 0 7^0 9«rffli^TKw-rso 

[0 0 4 5] 0 7te. *Hfl6JBJgeDM 0 S FET^fc 

COJtfflfgfi, y-F«Bl 5 0mm<DF E TOAttWjfc: 
M0S§i^#yf>f^'7^t (-Y^^^X) 

Ifcfe^^e CGT\ MOSFETOAMi (C 
g s) fc* 1 1 2 p F, tt^Sfi (C d s) Ii4 2 pF, 
iSSi (Cgd) til. 6pF, *V«*ltt0. 13 
QTfe^o W)ttmWi$Ltf2. 2GHz«^ l/a)C 
s()^f e>tl§M0 S F E TCDAttJ*K>fcf— 
XJl&O. 7 1 Qs ffiWl. 7Q^^:§ 0 lO» 

50 [0 0 4 6] 0 8te, 0 7 "F/H^fcMO S F E T tc&tt 

& Q W-C DMA7?^C0Slte^ffili1®ts^O 

/EfflfcfiHf £LT, «8S«EE2 8V, /WT'Xmgit— ^ 
IC&^X. 2. 2 G H zCDTE&i&m^&MO S F E TtC 

>J»spOBII««:^bfco M0SFET^2MfflU 7 

cDliiPtCOl^rOfiBlt^T^Tl/^V^MO S F E T*g 

[0 0 4 7] J; 5 tc. *SISSflg®cOM O S F E T 

SHl*t*tfl0Wtt±, FU-Y>5»*#5%W±|p]± 

Sa^*IISfiJBffifcJt^T 2 0 %^JgA^ < fcSfctf). 
50 ^0^>tT-^VX*VJ>$<^»3 > 
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[oo4 8] B8to*nt>mrmmic*svT+ ^mmm 

M<DMO S F E T<Dtt«igB«rttfffiifi«:ttofc»gjRfco 
V>T. 0 9^ffl^TItf0£ir&o 
[0 0 4 9] W-CDMA*SC©«SJaffl»K:tt, 

WfflSUfCo CCm MO S F E T(DXf}h LT> Mlifc 
3S2. 2GHzfeW2. 2 0 1 GH z <a«83S<OA*J 

mf}^hnxtcm^(o 3 %ffisxns» * a*** t cow 

8I©»SS:5 0 0 nm, 3 0 0 n m, 5 0nm£L 
fco 3*fflI»«S*OI8ft**-3 0 d B cttTt 

■fa*:, ^o^ff^?i^-r^tt^S^oeAffifi> Mill 50 

iS*tf5 00 nmi:30 0 nmtW4 6dBm (*5 
4 0WK 50nmTtt45dBm (»32W) tcfgT 

300nm^5 00 nmi:T'Wi^t* 5 0 

t\ 300 nmftifif»Bt4ofCo 

[00 5 0] #ac, 010-018 *ffll^T#*fiBJg88 
OMOSFE TOHa*tt4Rflf5o 

[0051] s-r, 0 1 otcTirr^^c. ps?#tts-> 
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i Aicm-fz p+i»¥*{mm (v-xjtis* 

[00 5 2] ^(C, 0 1 1 iCTjk-TX o mftuo L o c 
/bK«<t«2«BJ«Lfc», C<D7-r--;l/KIHfc«t2K: 

i costs*: y- h igffc«i 4 zmmrzo 

[0 0 5 3]#tc, 0 121:^^:, v-vmttm 

j«-rsK:«\ Y-bmitm4<D±mccvD&v»m\ 

0 nm<DWS/U*-r K»l*:«i*Lfc», 7^hk>*Xh 

[0 0 5 4] ^IC, 0 1 3&C;jVr£-9tC, h U^X 
h^*vx^*cbT^Un>Stg l tc*^Jg*5<fc£Jfy > 
«r-f*>JTi&* , rac4:k:J:0, pS!¥SM*«t« 

*:7^yh/f) 8, nm^mwmm (y-x) 5*5**; 

[0 0 5 5] ^tC, 0 1 4 S/U3>fflS 

1 ±td C V D 3 0 0 n meffi<D»{L$' »J ^ >J£I 
1 I4*atftft, »ffc->U3>Btl l<D±gPtc>-;l/ 
KWWK i o*»«tSo ^Hiili o*&$tfr 
£ic«\ IMfcs/ynvBli l«D±g|Hcc VDffit*y-h 
««3<fc9*>«MlW (Wittf 2 0 0 nmgjK) Oni 
*IS»^y3>ai*bte«, 7th^XM^VX^ 

-x>y-r* 0 

[0 0 5 6] 0 1 SfecfcCfH 1 6tC7j^£-MC, 

^'Jnygfi 1 ±tcC VDStIS3 0 0nm-500 
nmSfi^ltft^ysVflftl 2**t«Lfc«. 7^hU 
S>Xh«*V**fcLT»ffc^y:J>«Il 2»cktfflMfc 
^ynvBIl l*K7^X7f->Wct»c«l;t), ^ 
h^— ;l/ 17 — 2 0%Bf$.~?Z>o 

[0 0 5 7] m 1 7feJ:tf0 1 8{C7r,T^viC^ 

mitiyV^>m\ 2cD±gi5tCX/^y^y >yffiT^iP8 
0 0 nmgjgOA 1 (T;l/^-^A) ^JH^itiS L 
7* F l/^X M^vx^lc L/*c K7-YX7^y^ 

(V-XWS) 1 3, BE^ (y-hSISfflSE^) 1 4, 

[0 0 5 8] »ftS/yn>IMi 2co±gi5t<:eF^ 

J6«K2 2%MU «!^^THHI»6«)K2 2* K^-Tx 
7f>^X;l/-t>-;l/ (2 6-2 9) *&f£Lrc'&. 
1M112 2(0±»»CX^'y ^y V^ffi-eittaiLfcM 
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mi 2 0 Onmi|(DA ! ^M/^-Z>^LT^ 
2mE<omm (2 3-2 5) *JBjSU ^BtCv'Un^ 

buIB0 i -S3tc^-r^7-Mo s f e T#»e>ns 0 

-So 

[0 0 5 9] COJc^tC. — MOS F 

111 0«y-hM3J:9t>fi^BDV a ?SA < r« o d /O 
tiled; >K 01 9tc*vr<£?U:. ;1/K«WKl 0<Q 

mmt?-hm.ffi3<D®m£<Dr$<Dmm (cgs) 

tM/-;l/F5Mfflt l OOMfc KU^vti i5fcOB 

co^a (c d s) */j%*<*r*c 

[0 0 6 0] ^— Jl/FSMBI 1 0 fc FU-TV • * 

itfmts/y^vim i) ■piTsoT?, Y-hmitm 

4±»ci/-;l/F»«)»l 0«r««Lft»&k:Jt^ Fb 

[00 6 1] CtUcjctK MO S F ETcOAtti^Sa 20 
(Cgs, Cds) ^<nc^mi»OT\ S 
HiAt**^i-PiSH8Nftttffi»4MO S F E T£Hl 

[0062] jk±. *aw#»cj;oTftsnfc«w*a 

Wi3*8ISO«ttk:|Hffi*tlStOTtt«:<, fOgg^: 
[0 0 6 3] 

[0 0 6 4] *RWfc:«fcfttf, GSM, PCS. PD 

mmztizmjjmmmMo sfe T<D«*tt*»«Lo 

[0 1 ] *RW<D—ntfc(D&1&V&&/Sy-MO SFE 

[02] HlOII-ll3B»c»ofcRffiBIT**o 

[0 3] *«SfiDflg^T**S/^y-MOS FE 

[0 4] ^WlT*$^^7-MO S F E 

[0 5] *5£W<D—nffi(DBmkV$>Z>^V-MOS F E 

[06] HJBOJBffiT&S/^7-MOS F E 
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[07] *^co— mmvj&mv&z^y-Mo s f e 

[08] ^ZtWOl—m&tDBMV&Z'^-MO SFE 
[09] *«W<0— HJBOJB!g-efeS/^7-M0 SFE 

[010] *f£w<o— nm<DBm?&z^y-Mo S F 

[011] *SI^<0— *SE^it*SS^7-M0 S F 
[0 12] *$EW<D— ^m<D&MX*$>2>s$V-MO S F 
[01 3] *SSM<0-*fl6©««1?*S/^y-MOS F 

[01 4] *?m<D— im<DBmv$>%>^ r 7-uos f 

[01 5] #fgfB<9— ^Sti<OJB^TfeS/^7-MO S F 

[0 16] ^M<DBM'V3b&^y-MO S F 

[0 17] *5£W<D— ^WIt'$S^7-MO S F 

[01 8] *aW<0-*ffl5OJB!llT»S/^ l 7-M0S F 

[0 1 9] *&m(D—$m(DB1&?&&/U-MOS F 
E TIC *5tt £ F»fB)K - h HffiP^ffi 43 J: 

[75^1^] 
l s/ynvase 

1 A ^^Sffi 

1 B Xtf^Sz-wWl 

2 7>r-;l/F»fLJBt 

3 y-h®g 

4 y-MMtw 

5 n^¥«ttffitt (V-X) 

6 P + s!*a»f*«R« (y-xmfe*«) 

8 nS¥9ttflW (FW>«*7t7H) 

9 nS¥«fM|l« (KW» 
1 0 $/— /I/ h'lll 

1 1 IMfcS/ynvil 

12 Hfk^UnvH 

1 3 8E*S (y-xtfi) 

1 4 B2*§* (y-HB»fflfi») 

1 5 (HWVli) 

1 6 SB*§ 

17 — 21 n>^^7 h*— ;b 
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2 3 (KWyffiOWLfflES) 
24 Ei (y-hffiOttJLfflEia) 
2 5 (V-X«0lULfflE8) 
2 6 — 29 7U 
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BEST AVAILABLE IMAGES 

Active images within this document are accurate representations of the origin 
cuments submitted by the applicant. 

;fects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



U^LTNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



